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INTUOUUU'noi/ 


Tlio  ;'i'ui(Uoiiuy  Mild  :  (;vority  ol‘  tlamU(^o  to  iiastad  airships  ouuood  by  ’.cltliic 
raquii'es  t)mt  an  ori'jctive  Bwcina  of  pi'evontlon  ba  soui^hti  cubg  ^^nalyuli 
or  t.na  probiam  ro<4ulros  itaourato  knowl«d|;c  of  tha  airship  mats  and 
aorodynamlo  chnraotoriatloa  as  wall  as  a  raallttlo  knowlsdga  of  orltloal 
wind  ouatinanu.  Dus  primarily  to  Insuf I'laiant  and  insoourntt  datui 
aatiibllahment  of  thsco  naoassary  pursmatars  nduurataly  has  baan  at  bnst 
rathar  diffiault« 

With  tha  aim  of  noiiulrlng  bettor  knowladt'.S;  two  axparlmantul  Invastlt^atloni 
ware  oonduatod  in  the  donersl  Development  Corporation  towing  tank.  In 
the  flruti  tho  stuudy  aorodynamlo  foroat  and  momenti  aotlng  on  a  modal  of 
tv  kiting*  aii'ulilp  wore  h.uivsurad.  In  the  aaoond  tha  motlone  of  a  masted 
alrulilp  modalf  whan  ralonseU  from  predatarmlnad  angles  of  yaw  and  pltoh; 
wore  raoorded  ivo  u  function  of  time. 

It  Is  the  purpose  of  thiu  report,  In  fulfillment  of  Contract  No,  NOw 
to  (xialyso  tliono  data  ou  tliut  apeolflo  rnoonmondat.lont  uoncornlng  offootlvo 
moans  and  teolinriuoa  for  tho  provontfttion  of  diina(;e  due  to  kiting  may  be 
made. 
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•SUMMARY 


To  establish  the  necessary  parameters  by  which  the  problem  of  donate  due 
to  kitinf;  of  a  r.astod  airship  may  be  analyzed,  data  resulting  from  t'vvo 
ojq>ori;iiental  invus Ligations  utilizing  airship  m.odels  were  anr.lyzed.  As 
a  result  both  the  aerodynamic  and  the  aerodynamic  damping  characteristics 
of  a  kitir,g  airship  were  determined  w'ith  sufficient  accuracy  to  permit  a 
r.atheir&tica  1  description  of  the  r.otions  of  a  kiting  airship. 

The  feasible  means  by  which  a  reduction  of  the  likelihood  of  dar.cgo  due 
to  kiting  wero  reviewed.  Having  considered  each  of  these  schom.os,  the  m.ost 
promising  single  solution  appeared  in  the  employment  of  a  ’weight  attached 
Lo  t.ie  stem  handling  lines  of  the  airship.  Then,  the  equations  of  motion 
’were  wi’itten  and  solved  on  the  ^EDA  electric  analogue  coftp‘Ulre!r  fur  an 
airship  configured  with  weights  fixed  to  tho  airship  stern.  From,  the  ' 
resulting  solutions  it  was  concluded  that  although  this  anti-kiter  design  did 
reduce  kiting  appreciably^  large  and  impractical  v/cights  were  required 
to  reduce  contact  velocities  to  acceptable  ■v’alues.  To  rem.edy  this,  a 
redesign  of  the  anti-kiter  attachment  system,  which  keeps  the  anti-kiting 
unit  close  to  the  ground  was  studied,  With  this  modification,  both  the 
kiting  and  the  contact  velocities  -were  reduced  appreciably  at  all  v/ind 
speeds  with  practical  anti-kiter  weights.  Consequently,  it  was  recomr.ended 
that  an  anti-kiting  unit  with  tho  suggested  design  changes  to  the  attachment 
system  bo  employed  to  reduce  the  likelihood  of  damage  due  to  kiting  of 
masted  airships. 
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I.I.i  T  g  '  SY^^10Lia 

diatRURo  from  tha  bow  to  the  oenber  of  buoyRtioy  (ft) 

dintm»Q  from  the  modal  bow  uttaohment  point  to  the 
oont'-r  of  buoyancy  (ft) 

dlutaiua  from  the  model  etern  atuahment  point  to  the 
center  of  buoyancy  (ft) 

diatai.oo  from  the  bow  to  the  landing  geare  (ft) 

dictanoe  from  the  bow  to  the  otern  handling  linet  (ft) 

die  taro  0  I'rm  the  bow  to  the  dynamic  center  (ft) 

olc’ntlon  above  tha  ground  (ft) 

motacer.tr io  heli'ht  (ft) 

t'udia'i  of  .-yratlon  about  the  bow  (ft) 

dU;) laced  Volume  (ft^) 

dlotarioo  alone,  X  •  X  axis 

dia  I  arioa  alotn;  the  y  -  y  axle 

distanuo  along  the  T)  -  7)  axie 


kiting  angle  (rnd) 
kiting  veloolty  (rai^iao) 
kiting  aocaloratlon  (rad/aeo^) 
atatio  trlr.  ang.le  (red) 

initial  modul  kiting  release  angle  (rad  or  degree! ) 

yaw  angle  (rad) 

yawing  volooity  (rad/seo) 


HM.  .  .  5- 

veocL 

M«- _ IIIQSL _ 

COM  sieoo 


COOOnAN  AHiCKAn  COI^AtlON 


Niri»AII|0 

»:  Kir  urn 
OATt 

nifV  OATC 


..J4y.V-W6x _ 


MQOCC 


..aEieaSTiai 


Aivj’.uliir 

LIST  OP  SYMBOLS  ••  oontlnuad 

( .'ontlnuad) 

‘i 

ynwin;  aooalorbtlon  (rad/atio^) 

Vi 

Initial  nodal  yaw  ralaasa  angla  (rad  or  daeraaa) 

III 

wind  iihll't  anr.la  (rad) 

wind  shirt  valooxty  (rad/ato) 

aqulvalant  auddan  wind  ahll't  (rad  or  dagraaa) 

roll  an^la  (rad) 

fa 

alavator  daflaution  (dacraaa)  (v^n^oaltiva) 

(O 

wiRular  valoolty  (rad/aao) 

Voorlnc  Loitdi 

axial  maat  raaotlon  (Ih  ) 

'V 

- 

^r«n*varoa  wait  raaotlon  (lb  ) 

M, 
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vartioal  naat  raaotlon  (lb  ) 
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anti-kltar  attaohmant  Una  loada  (lb  ) 

H 
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wheel  raaotlon  (lb  ) 

«1 

thru  Rj 

•  water  modal  balance  system  reactions  (lb) 

AurnOymmlo  foronsi  nomcnti!  ana  uotffloUnti 

X 
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axial  foroa  (lb  ) 
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trana versa  foroa  (lb  ) 
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vertloal  force  (lb) 
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Asrodyrittmio  f<r 

oosg  tnon-ents  and  ooeffioients  (continued) 

M 

kiting  moment  (it -lb) 

N 

yaviing  moment  (ft-lb) 

K 

aonal  force  (lb) 

axial  force  coefficient  (C^  ■  Vq 

'V 

trancverso  force  coefficient  (C^  ■  ^4q 

c* 

vortical  force  coefficient  (Cj  ■  W^^^) 

kiting  moment  ooeffiolent  (C^^  ■  •y2q 

1 

Cn 

yawing  moment  coefficient  (C^  ■  ‘iSq  V) 

'>■  ■ 
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Mlfioallaneoua 
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time  (eec) 
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time  ratio 

length  ratio 

e 

acceleration  due  to  gravity  (tt/a«i3  ) 

(? 

density  of  Immersion  fluid  (#  8eo‘’/ft^) 

<r 

fluid  dens ity  ratio 

''l’OO 

prevailing  wind  speed  measured  at  200  ft  elevation  (knots) 

'tn,- 

prevailing  wind  speed  iivaeured  at  ft  elevation  (knots) 

V  •• 

model  tovdng  speed  (ft/eeo) 

1 

dynamic  pressure  (Ib/ft^) 

I'v 

vertical  component  of  oontaot  velooity  (ft/eeo) 

U. 

transveree  oomponent  of  oontaot  velocity  (ft/eeo) 
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I  DE  CUSS  ION 


A,  Th»  KitlxiR  PhanoniTion 

An  airship  noorad  at  tha  bow  and  frse  to  awitift  about  iho  nast  is  highly 
otivbls  and  will  point  diraotly  into  arty  steady  wind*  Any  shifting  of 
the  provailln/';  wind  oats  up  a  yaw  anrla  whieh  produoas  asrodyratnio 
foroas  wMoh  oimsa  tha  airship  to  waatharvana  and  tends  to  kite  tha 
iilrn}<lp  us  wall*  If  tha  wind  shift  is  slow  snough*  tha  airship  will 
woutharvuno  without  appraoiabla  lag,  and  kiting  will  not  ooour.  It  is 
only  whan  tha  wind  uhlfta  at  a  rate  nuoh  faster  than  tha  airship  is  able 
to  follow  that  kiting  occurs. 

If  tha  hiaxir.un  yaw  angle  axparianoad  is  lesa  than  one  hundred  thirty 
dSi^i'oes,  thfl  kltinf,  «ngla,  kltini;  '.'clut.  ity ,  yawing  velocity,  siotaoantrlo 
nonant,  and  ututlc  hsKvinass  produce  anti-kltlng  moments  which  oppose 
tha  kiting  ondanoy  lie  to  yaw  and  Unit  tha  maximum  kiting  angle. 

Than  as  tha  yaw  aa:l8  is  roduoad  by  wsathervanlng  thasa  anti-kiting 
nonanto,  it-npod  only  by  the  :'.or,ont  .'.ua  to  tha  negative  kiting  valooltiaa, 
Coroa  tha  a  Ir.-l.ip  to  tha  .round. 

If  tha  nuxinum  yaw  nngla  s^ioriencad  is  i-.ors  than  one  hundred  thirty 
ds.',raau  (  a  tuil-to-wind  uotnlltlon)  tha  kiting  tandanoy  due  to  yaw  ie 
uugRWntad  by  u  kiting  tonianoy  uua  to  tha  kiting  angle  oauaing  the 
ulrahlp  to  kits  to  larger  nnglsn  limitoi  only  by  damping,  mataoantrio 
and  haavlraac  ronanto,  Thar.,  onoe  tha  alriiiip  has  waatharvaned  aub- 
stantially  into  tha  wind  it  is  again  foroad  to  tha  ground. 

If  tha  w  ind  shifts  and  valocltlsH  are  aavara  enough,  high  vartloal 
and  traravaraa  impaut  vnlocitias  may  result  on  oontaot  with  tha  ground, 
Tha  kinetic  energy  aooowpanying  thasa  inpaot  valooltlas  must  be  abaorbad 
by  tha  landing  gear  and  its  iiupporting  structure.  Whan  tha  ultlirata 
oapaolty  of  the  landing  gaar  is  axoaedad,  kiting  dansga  is  inourrad. 


B,  Tha  Pravantion  of  Kiting  Daimga 

In  tha  Interest  of  pravaiitlng  kiting  dHita.ga,  tha  following  alternatives 
a  op  ear  faaalblei 

1,  Application  of  an  antl-kitin,",  moment  of  a  regsituda  auffiolant  to 
either  prevent  kiting’  oomp lately  or  at  laaat  to  limit  ita  magnitude 
to  tolarabl#  valuaa  for  all  weather  conditions  in  which  th#  airship 
is  axpautad  to  be  moored.  Soma  of  tha  maana  by  whloh  this  may  be 
attempted  arai 

(a)  Inoraaaa  tha  ctatlo  heavlnaas  by  adding  ballaat  to  tha  oar, 

(b)  Attach  a  weight  to  the  stern  handling  linos  leuvinj^  th#  airship 
free  to  waafcl»rvana  by  rolling  on  tha  ground  until  tha  airship 
kites. 
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(c)  ^!);lly  up  slevivl.or  control 

(j)  'I'rim  t-ho  "tirshlp  tall-hwavy  with  bnllonet, 

2,  Aft.et'  a  kltlrv'  p«ak  la  rn«o)i«d  raduoa  vartloal  Impant.  vnlooltiaa 
by  (Infleotinfl  the  elevator  control  down, 

3,  Znoretae  the  lend  oupeolty  of  the  landing  gear  and  iti  aupporting 
itruoture  to  withstand  all  Impaot  loado  whiah  might  be  experienced, 

4,  Moor  the  airahip  to  a  high  nast. 


The  anti»kititig  ronnnt  applied  by  adding  ballast  to  the  oar  is  limited 
to  something  lea::  than  the  design  load  capacity  of  the  landing  gear. 
Should  kiting  uouuti  static  haavlnaas  will  reduce  the  maximum  kiting 
armies  experienoed,  however,  onoe  a  kiting  peak  la  reached.  It  serves 
ui.iy  to  aucal«-ate  the  airahip  towards  ths  ground. 

At  con.pared  to  i.  tatlc  lieavitiaos,  a  weight  attached  to  ths  stern  handling 
llnsa  reprsuents  an  improved  antiokltlng  system.  First)  because  the 
weight  whioh  can  be  added  i§  limited  only  by  the  strength  of  the  handling 
Unas  and  their  uttauhnsnt  points.  If  neoeesary,  thaie  llnei  vsty  be 
strent'thened  without  Incurring  a  large  weight  penalty.  Second,  beoauae 
a  weight  attaohed  to  the  otern  lines  hts  nearly  half  again  as  much 
leverage  au  does  ballast  placed  in  the  oer  and  third,  should  the  airship 
kite,  on  impact  the  stern  weight  will  oontaot  the  ground  shortly 
before  the  landliig  /‘ear.  Consequently,  the  energy  due  to  motion  of  its 
mass  would  not  be  absorbed  by  the  airahip  landing  gear. 

In  winds  greater  then  2'J  knots,  proper  use  of  ths  elevator  controls 
can  be  quite  effeutive  both  to  prevent  er  limit  kiting  and  to  redvioe 
impaot  velocities  should  kiting  occur.  By  defleoting  the  elevator  full 
up,  kiting  oan  be  delayed  arid  reduced,  Hwrever,  In  high  wiruii,  in  order 
not  to  lirgiose  large  sustained  loads  on  the  landing  gear,  the  elevator 
oontrel  should  not  be  defleoted  full  up  until  the  airship  actually 
kites.  Then,  after  the  n«ximum  kiting  angle  is  attained, by  defleoting 
ths  elevator  IMil  down,  the  Impaot  valooi^  on  oontaot  with  the  ground 
can  be  raduosd,  Ao  a  result  of  these  eons  1  derations,  It  oan  be  oonoluded 
ihat  effentlve  use  of  the  elevator  control!  requires  that  they  should 
be  irenlpulatsd  either  manually  or  automatically  during  kiting.  Limited 
by  their  Ineffeotlveness  in  winds  of  low  Intensity,  however,  the  elevator 
oontol  le  not  auffloient  In  itself  to  preveut  kiting  dam  go.  Instead, 
it  should  be  considered  a  most  valuable  aid. 


JL 


Qooomi  Ai«c«Ar  eossosAtoN  ZPa-2 


8f»-  1QQ£2 

eooc  stseo 


j.D.M. _ _  coonfhJkm.  PACE  _  Ig 

J.W.B,  GOOOYtA*  AIHCRAfT  COUPOSATION  ZPG-2/2^3W 

_  CEA-  ~ioo‘;2 

_  cooc  85500 _ 


The  anti-kitihg.  moment  obtained  by  trimming  the  airship  tail  heavy  is 
small.  Somewhat  similar  to  the  effect  of  static  heaviness,  it  will 
reduce  the  maximum  kiting  angles,^  however,  after  a  kiting  peak  is 
reached,  the  tail  heavy  trim  condition  accelerates  the  airship  towards 
the  ground. 

Although,  kiting  damage  can  be  eliminated  with  certainty  by  increasing 
the  load  capacity  of  the  landing  gear,  the  added  weight  oonsoquontal 
with  this  modification  would  detract  noticeably  from  the  performance 
of  the  airship  in  flighm.  The  v/ei'ght  penalty  may  be  reduced  somev/hat 
by  the  installation  of  an  auxiliary  landing  gear  which  can  be  removed 
for  flight. 

The  aerodynamic  forces  which  cause  the  airship  to  kite  in  shifting  vdnds 
are  due  ha's ic ally  to  ground  interference  effects,  Consja.quently,  by 
mooring  the  airship  to  a  high  mast,  kiting  tendencies  may  be’  re'duqed 
if  not  eliminated.  The  kitiiig  v/hich  does  occur  while  moored  high, 
moreover,  is  less  likely  to  result  in  damage.  However,  the  present 
utility  and  r.obility  of  the  low  mast  must  bo  retained,  There'''’or e,  a 
mast  of  new  design  (convertible  from  a  low  to  a  high  mast)  v;ould  bo 
necessary. 
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C ,  Dynamics  of  a  Kiting  Airship 

The  masted  airship  has  freedom  to  roll,  to  kite,  and  to  v^oathftrvano , 
Neglecting  any  coupling  effects  of  roll,  the  mooring  loads,  the  kiting, 
and  the  weather vaning  motions  may  bo  described  by  the  follov/ing 
-generalized  simultaneous  differential  eouitions: 


(3) 


acy-'f] 

/VV.  IlM  /•■,.  DM  ,  '?)M  ,...  .  'Sm: 


(4) 


-Wh^SlW(d-6,)=0  , 


•  » • 


If  the  airahip  is  kiting  R  ••  0;  if  not,  R  >  0  and  0  "  <9  "  0  “  0» 

Tht,  inertia  and  the  aorodyriar.ic  characteristics  rnay  be  expressed  in 
terns  of  non-dimensional  coefficients  which  are  independent  of  dis¬ 
placed  volume,  wind  speed,  and  fluid  density  as  follows; 


,T^  =  C-  ^  V-^ 


ijf-r  =  cos"e  6in-<9-(Ci^Y  cos^e+Q;,.;, 
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ciubntit.utlng  th(»u9  vulu*s  into  squutiona  (1)  thri.i  (5)  wl  cliviclinc  thru 
V.y  th9  rioRBul'B  cl'  UiBrtl*  wo  hovoi 
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With  toourkt*  lcnowI«ac«  and  torndyntnlo  oharaottrlitloi,  solution 

of  thost  slmultanooui  dlfforontlal  oquatlona  yltlds  a  tint  hiatory  of 
tha  inotlon«  aty^ulnr  vnlooitlasi  and  angular  aooalaratlont  ox^arlanoad 
by  a  malt  moorid  airunip  for  oilootod  kiting  oonditiotia.  From  thaai 
tina  liiitorioBi  than*  tha  vartioal  and  tranavaraa  oomponants  of  oontaot 
valooity  may  ba  obaortad  for  any  antl-klting  aohama  balng  oonildarad. 
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1) ,  A«ro<lyi[*mlo  tJiarKotar Istiou  of  b.  KH;inK  Mrslilp 

Ths  motion  of  m  kitln(t  alrtiliip  Is  osustd  by  lAomtnto  prodaoed  by  ftarodyufcmio 
pi'Aii.<i.Li'o  fu'oau  butlnii  on  It,  Slnoo  tha  kitlnij  airship  is  frsa  to  yasv’«  to 
kit«|  and  to  roll|  knowlsdc,;  of  ths  ohsngss  whloh  talcs  plaos  In  thsss  motnsnts 
as  A  I'unoUon  of  saoh  dsgrss  of  frssdon  Is  nsosnsary.  An  sxpsrlmsntal  In* 
vsstl(';utlun  of  ths  asrod^amlo  oharaotsrlstloa  of  a  kiting  airship  was 
oonduotsd  in  tha  Osnaral  Dsvslopmsnt  Corporation  towing  basin  using  a  3/75th 
soals  modsl  of  tha  ZPK-1  airship,  Tsats  wars  run  at  yaw  anglss  ranging 
from  n  to  iBo  dsgraaa  and  at  pitch  anglss  ranging  from  0  to  60  dagraaa  with 
tha  slavator  oat  nautral,  and  1^  dsgrssa  up,  Tha  rosultlng  data  axprasaad 
In  tha  form  of  oaloulatad  forea  and  momant  oeaffiolanta  wars  raportsd  in 
f  jfoi't.iiuo  1,  sohonu-.lo  dlagri'.M  of  tto  modal  toot  aot  up  is  shown  balwi 
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Th«  Axial  faraa  ooolTlolant,  C.<«  (H) 

Th«  Irwiiivsrao  I'oi'ua  oosfflclant^  Cy‘ 

The  vcjrtioul  t'oroe  ooarfloient*  (^3) 

Thn  UMin;  rnonani  eoeffloiant, 

The  want  hi  I*  van  ing  moment  ooeffiolant  C^ib 


T^ia  foroa  and  moment  ooafriolente  reported  in  rol'arenoe  1  are  glvon  in  terme 
of  aoefflulentc  at  the  center  of  buoyancy  oaloulated  as  followst 


The  cross  foro 


Th 


e  ooeffiolant, 
a  lift  ooeffiolant, 


The  rolling  moment  ooeffl 


olent, 


Tiu»  pitching  .:u)riant  ooeffiolant, 

t 

The  yavfing  moment  ooeffiolant,  Cg*  SAfijl— filSi 


{16) 

(17) 

(16) 

(15» 

WO) 


Solving  these  equatlone  for  R^,  Ro«  R.  and  substituting  these  va.luea 
into  equations  (11)  thru  (1  )  the'foroes  an)  moments  at  the  bow  arsi 


(21) 

(22) 

(23) 


Cn» 


,47SCesi  (24) 

•.75SC^*^7S(Ci»,*C4S/wi9)  (85) 


Neither  Kj  nor  ooeffiolents  bneed  on  wore  reported  in  rofuronoe  1, 

Dioreforo  numerioel  values  of  Cx  end  Cg  cannot  be  eatabliehed  from  theae 
data,  Utllitlng  the  data  reported  In  referonoe  If  nvunerloal  oaloulatlona 
of  equations  22,  2A,  and  2$  wore  made.  The  results  ‘"ere  plotted  vs  the  yaw 
angle  at  oonatant  pltoh  angleSf  then  orossplotted.  Both  the  plots  and  oross 
plots  wore  faired  smooth  and  orderly  to  minimise  the  sffeots  of  tost  inao> 
ouracies.  The  resulting  curves  are  plotted  on  figui'e  1  and  2,  With  kiting 
restrained  (€  "  0)f  the  kiting  momont  ooeffioients  ore  positive  at  all  yaw 
angles.  With  y  ••  Of  the  kiting  moments  are  negative  for  the  entire  range 
of  pltoh  angles  tested.  As  ths  yaw  angle  inoreascSf  the  negative  kiting 
moments  due  to  pltoh  deorease  becoming  sero  at  ■  133°  then  become  positive 
at  the  higher  yaw  angles.  The  weathervanlng  moment  ooeffioients  are  always 
positive  proving  that  an  airship  moored  at  the  bow  is  highly  stable  and  will 
point  alreotly  into  any  steady  wind, 

Ths  model  was  towed  at  a  speed  of  1,75  ft/seo  at  all  yaw  angles  except 90^ 
where  the  twlng  velocity  was  1,18  ft/seo.  The  Reynolds  numbers  assoolatsd 
with  th<isu  toBt  conditions  were  nearly  identical  with  Reynolds  Numbers 
developed  while  testing  the  1/73  scale  dynamic  airship  model,  Uowtverf  the 
possibility  of  extrapolating  theie  results  to  the  Reynolds  Numbers  of  an 
airship  moored  in  high  winds  must  bo  investigated.  As  most  of  the  tests 
wore  i.'iade  at  only  one  towing  speed,  a  direct  extrapolation  is  not  possible, 
Howevor,  by  examining  the  nature  of  the  flow,  i  any  oritioal  changes 
throughout  the  ran?o  of  Reynolds  Numbers  Involved,  ws  may  dstsrmins  the 
naxlmum  speeds  for  which  thesu  data  are  applicable. 

We  may  consider  the  flow  pattern  over  the  airship  as  dlvidsd  into  a  flow 
pattern  due  to  flow  along  the  longitudinal  axis  and  on#  dus  to  flow  trans¬ 
verse  to  longitudinal  axis,  The  flow  pattern  duo  to  flow  along  the 
longitudinal  axis  is  similar  to  ths  flow  patterns  experienced  during  airship 
take-off  runs  and  landing  roll  outs.  Analysis  of  drag  ooeffioients  during 
these  maneuvers  indioate  that  there  are  no  marked  transitions  in  the  flow 
pattern  over  tho  range  of  Reynolds  Numbers  being  considered.  The  flow  pattern 
due  to  flew  transverse  to  the  loiigltudlnsl  axis  is  similar  to  the  flow  pattorni 
of  oiroular  cylinders  In  normal  flow.  Two  s  table  types  of  flow  over  oiroular 
isotlone  may  ooour  with  the  transition  ooourlng  at  Reynolds  Numbers  between 
400,000  and  500,000  baaed  on  the  cross  section  diameter.  The  maximum  modal 
Reynolds  Nun<bar  based  on  the  maximum  oross  ssotional  diameter  was  only 
120,000  which  is  less  thou  oritioal,  Spssd  on  tho  maximum  oross  seetlonal 
diameter  of  c.ie  airship,  the  transverse  flow  becoii'ios  lupororltloal  at  wind 
speed.*!  of  approximately  one-half  knot.  Therefore,  the  flow  over  the  model 
will  not,  in  general,  be  similar  to  the  flow  over  an  airship,  and  the 
numerical  values  of  ths  force  and  moment  ooeffioients  may  bo  somewhat  in 
error  at  yaw  anglea,  near  90°,  Ae  the  flow  pattern  due  to  the  tranaverse 
oempenenta  of  the  wind  velocity  at  or  above  oritioal  Reynolds  Ntimbtrs  is 
oharaoterlzed  by  delayed  separation  with  an  assooiated  drag  redaction  as 
conjured  to  ths  flow  patterns  at  Isss  than  critical  Reynolds  Numbers,  it  is 
sxpeoted  that  the  force  and  moment  ooeffioients  at  yaw  angles  near  90°  will 
be  somewhat  less  than  those  shown  on  Figures  1  and  2, 
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C.  Aerodymmio  PAmplnp;  Cht.raotwr latlan  of  a  Kltinf;',  Airship 

To  sijnulttt#  thB  motion  of  a  kltin/j  airship  it  1«  roquirod  that  tho  yaw  and 
kitlnc  an^lss  of  tha  model  be  tho  same  aa  those  of  the  airship.  Where  the 
irb’rt  (1)  (ifiE-tnitxtou  tlie  model  nhuraotsr latics^ 

we  iwvei  <5f,  »  ©J  ^  f*  '/  , 

let,  X-r«ad 

^  ix  " 

.ateilarly,  / ^  yV  ^  -nd  ^  ^ 

dubotJtutin/:  these  values  for  6,  ^  id  t  and  their  der ivutives^ with  reepeot 

to  time  into  equations  (6)  and  (7)  and  multiplyinc  thru  by  t  v/o  hovei 
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Writing  those  equations  for  the  model*  however*  we  havei 
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Compttrin(;  o'lu.'itlon  (26)  with  (28)  <»nd  (27)  with  (29;*  it  foilw's  that  for 
alhllltudo  of  I'.otlon,  tho  ojefflolsnta  of  those  diffonintlo  1  oqu'tioris  must 
l»v«  tho  riaine  v  lue  for  tlio  ulrahiip  und  for  tho  model.  It  h:  most  convonisnt 
to  8at(/''i^i^)'* /t'.,- .lotting  r»  /  ftn'i  ay  iiyr.r.otrv  *  CjuL 

V.iou  lotting  tho  ImvB  of  alr.'ilitudo  nrn  dnfinod  byi 


^•N\^  Ch^  Ci*^  vJi-^  Cn^  Cm^ 


(30) 


(31) 


The  first  oqustlon  (30)  may  be  satisfied  by  einply  requiring  t)*t  the  model 
be  [geometrically  etmilar*  tl»t  tho  iteynolds  Mamber  effect  bo  aooountable^ and 
that  the  distribution  o.f  masB  bo  somev/hat  clmllar. 

As  reported  in  referenoe  2*  the  l/75th  scale  water  model  of  the  2PIi»2  airship 
was  tested  in  an  inverted  position,  Consetiuontly,  the  effects  of  hypo¬ 
static  heaviness  (W8h)j  hydrostatic  steibllity  (W*hJ|)*  static  trim  (  ©r  ) 
and  a  stern  weight  (P')  are  opposite  to  that  of  a  model  tested  in  an  upright 
posit  ion*  and  to  simulate  static  heaviness  by  static  lighbnessi  etc  would 
distort  the  ratlu  of  these  static  effects  to  the  mass  effeots,  Thoroforej 
it  was  neoessary  tl»t  the  model  floated  in  static  equilibrium  (Wgii'  ■  0  and 
V)'  ■  'K/r'/}  )i  that,  the  center  of  G>**|Vlty  and  the  center  of  buoytr.oy 
coincided  on  the  longitudinal  axis  (  ©»  ■  0  and  hn  •  ®)»  item 

weight  v;aB  removed  (P*  ■  0),  The  model  wae  moored  by  a  boom  extending  4,5 
inches  or  approximately  ^  of  the  model  lengtli  forward  of  the  bow.  By 
asBuming  an  additional  mass  equal  to  the  phyoloal  mess,  the  virtual  moment 
of  Inertia  oceffioient  of  the  model  waei 


C 


I 

^Bow 


B  5.4?  about  the  bow 


and  Cx*(Cr,^„f  point. 

For  similitudoi  tho  model  ehould  have  been  tested  upright*  the  motnoentrio 
height  (h*)  should  have  been  to  scale  with  the  airship,  the  model  should 
have  been  moored  at  the  bow*  and  the  virtual  moment  of  inertia  ooeffloient 
about  the  bow  should  have  been  Identical  to  that  of  the  ZPK-2  alrihlp 
(  ).  Beoauee  of  these  dle- 

elmilarltles*  the  angular  motions  of  ths  motions  of  the  model  were  not  the 
same  as  the  motions  of  a  kiting  airship  in  statlo  trim  and  equilibrium. 

To  oorreot  for  these  dieeimllarities,  and  beoauee  of  the  need  for  u  method 
by  which  the  merit  of  various  anti-kiting  lohemee  may  be  ovnluted,  making 


ooeovui  A»ctAn  cmwiation 


the  slmplifyinc  aaaumption  that  the  ttarodytutnio  loftde  ere  such  that  they 
depend  or,  the  Inataritaneoua  position  and  laotlon  of  the  oirehlp  and  not  on 
how  it  diBplaued  into  that  position^  the  data  reported  in  refer enoe  2  vma 
used  to  predict  the  nesi'itude  of  tl«  rotary  danping  oharaoteriitloe  in  order 
that  the  sciustlon  of  motion  for  a  kiting  airehlp  may  be  writteni  modified 
to  aonount  for  the  anti-kitlnc  sohene  being  oonsideredi  then  solved  for 
the  reflulant  motions  as  nffeuted  by  seleulied  aUnuSpliirlo  dls turbanoeo; 
an  er^lanation  foUowsi 

The  data  reported  in  reference  2  aimuiulvd  the  effaot  of  a  sudden  wind  shift 
by  towing  the  model  at  a  steady  ipeed»  then  releasing  it  from  Initial  eeleoted 
an:  Is*  sf  yaw  and  pitch,  and  allowing  the  model  to  kite  and  wsathervane 
freely  while  these  angulur  irctiona  were  reoorded,  Con^arlng  the  nomenclature 
used  to  prsi^ent  the  data  with  the  nomenolaturs  used  in  the  generalised  .. 
equ'itions  of  motion  it  is  seen  thaf^  ■  (l^  -  IP  ),  f  ■  (i  ~r)t  end  ■-r 
as  stated  above,  ■  h*  ■  P*  ■  0,  Substituting  those  into  equationi  (6) 
and  (7)  the  equations  of  motion  for  the  model  with  the  elevator  held  neutral 
(  ■  O)  reduce  tot 


and  ©BO  (34) 

wherei  ■  7.^6,  ■  7,4P.  cob®<#'  >  ,11  elii*©'  ,  v'  ■  2.31,  and 

■  ,5»  1.0»  and  1,6  ft/sec. 

The  weathsrvanlng  and  the  kiting  moment  oesffiolents  (0})'  and  Cm'}  nay  be 
exprsBied  intern  of  the  force  data  measured  used  to  oaloulate  the  force 
and  moment  oosfficlente  presented  in  reference  1  as  follows) 


(36) 
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By  substitutirv;  th«  force  end  moment  eoefficlents  for  R;^  end  R_  es  defined 
by  oquutiona  (16)  thru  (20)  we  havei  ^ 
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r^merioel  oelouletlona  of  equetlona  (J7}  end  (36)  were  wde,  Thf  remit* 
were  plotted,  oroesplotted,  end  felred  imooth  es  shown  on  flgtro  3* 

Naw«  with  referenoe  to  oquetions  ()S)  end  03)>  1^  !■  there  remelns 

four  unknown  demplng  ooeffiolents  Cwy,  Cwi,Cwi,  ond  these 

non-'dlmenalonel  oosfflolents  ere  IVinntlon*  or  undeternined  form  end  mey  be 
clepinAent  on  the  non-dlmenslonel  verlebles  (  f  end  $  )  or  the  dimensionless 
group  cf  verlebles  (RK  ),  The  Reynolds  Nv®b*rs  for  these  test* 

were  neerly  Identloel  with  the  Reynolds  timbers  developed  while  missurlnK 
the  stetlo  eerodynemlo  ohereoteristios,  therefore,  In  the  two  dlfferentiel 
squetlons  there  remelns  in  effoot  eight  unknowis,  Solution  of  these  unknown 
ooeffiolents  lies  in  esteblishing  e  reletionshlp  between  the  two  simultaneous 
dlfferentiel  equation*  (32  &  33)  end  the  motion*  of  the  l/75th  seal*  water 
model  of  a  kiting  airship  as  presentsd  In  referenoe  2,  For  any  one  test, 
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Rri  infinlt#  nutnbor  of  solutions  oxist,  Ths  nost  oonvsnlont  solutions,  srs 
01188  wtiioh  Bra  not  only  slr.;;)lo  but  onsn  which  satisfy  a  lar|”o  nuMbor  of 
Irdividuul  totU  b8  wall,  Hoforo  aueh  oolutloris  oun  bs  offsotecl,  howover, 

fdiailttrlty  with  tha  InplloAtlona  of  asslcnlng  srbltriiry  vuluss  to  any  of  tho 
unknowns  must  ba  {'alnsd  >  othsrwls*  iiis>'**in*nt  with  tha  data  would  ba  at 
bast  only  a  highly  Improbabla  uuinoidanoa,  SlnpliuiUy  was  attalnad  by 
roBtrioting  tna  asolgnaa  voiuaa  first  to  saroj  than  oonatanti  than  varying 
llnaarly,  as  a  quadratlO|aa  a  oublo  ato,  Tha  moat  advantageous  procadura 
for  avuluatlng  thasa  unknown  funotlona  llaa  in  arranging  tha  ordar  in  whioh 
tha  data  is  anuXysad  auoh  that  tha  numbar  of  varlablaa  whioh  must  ba 
invootlgutad  at  ona  tlms  Is  raducad  by  salaoting  data  whioh  oontalnad  only 
ona  unknown  ooeffioiant  bs  a  function  of  ona  non-dlmanaional  varlabla.  This 
prooadura  was  than  raptxvtad,  whara  posilblt,  for  aaoh  of  tho  ramalnlng 
varlablos  In  turn, 

Tho  uharautaristioa,  aquations  (32  and  33)i  wera  aat  up  on  a  aESA  oleotrio 
analogua  oomputar  whioh  la  sffootlvuly  a  dlsiimllar  modal  of  tlw  moohanioal 
syutsm  duplioatad  in  aloutrio  current,  Tha  alamanta  in  tha  oomputar 
aisutrloal  olpiuitry  which  aimulutnd  tho  unknown  damping  ooaffloionta 
{Clift  Citi  tCut^  and  Cm'w  )  wsra  sat  up  auoh  tliat  tha  values  of  those 
ooeffiolants  ware  ratdlly  adjuatabla.  Than,  data  was  salootsd  in  whioh 
tha  modal  wsatharvenad  but  did  nut  kite  substantially,  (Kafsrsnoa  9, 

Appendix  Volume  II,  page  jjSf  and  Appendix  Velum#  III,  pages  ',11,  111,  and  II6), 
Tliui  ^*1  a  0  and  aquatlun  'JS  rsduoes  toi 


(39) 


This  differential  equation  eontaining  ona  unkncwn  ooeffioiant 
was  solved  for  f'  using  tho  Q£CA  alaotrio  analogue  oomputojr  equipped  with 
an  (X>V)  plotta.'  for  arbitrary  oonatant  values  of  Qi^  n  f)  and  oomparad 
with  tha  data  for  each  of  those  tests.  An  example  of  thia  procedure  it 
sltown  by  the  oomparison  of  tha  data  with  the  OEDA  traces  as  plotted  on 
figure  4, 

With  referanoa  to  the  upper  plot  on  figure  4,  it  ia  seen  that  yaw  anglo 
caloulatad  with  Cn^  P  ('n  "  ^  satisfies  the  data  quito  wall  at  tha  higher 

yaw  angles,  but  at  ths  Icwer  yaw  angles  tha  damping  vaa  nearly  orltioal, 
Oubk equantly,  trial  and  error  solutions  were  mada  with  Ct/^  fir)  varying 
batwsai-  4  and  S  with  f  to  the  ^rst,  leoond,  and  third  dagroa.  From  this 
it  was  oonoludad  that  Cwd  f  ('^  varied  with  {f*)  to  approximately  tha 
third  degree  as  showi  y  the  oanter  plot  on  figure  4,  An  example  of  tha 
aoouraoy  with  which  this  funotion  aatisfisd  ths  data  it  shown  on  tha  lower 
plot  of  figure  4, 

Whan  (9'a  a'  ■  O  aquation  33  rtduoes  toi 


(40) 
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Thai-:,  uelr.f'  th«  fuiictloiie  Just  dsrlvsd  to  dstermins  na  o,  fuuotlon  of 
time,  th«  GI3DA  slootrio  amlocua  oomputer  wso  B«t  up  to  mtxks  dirsot  solutions 
jf  o  jU'tiona  (40)  fov  iriltlttl  yiiv;  anf;l9s  which  did  not  produoo  substtmtlftl 
kiting,  Ths  rasulta  >ra  shown  on  ths  uppsr  plot  of  fleurs  S>»  When  «  medal 
WS.E  reloossd  from  or  initial  yaw  angl«a  tin*  was  rsq^uirad  for  tho  nodal  to 
wo'ol^rnta  to  a  finlts  anculsp  vslooityj  thusj  wh#n  »  r  " 

Similarly  when  the  weathsrvaning  motion  osatsd  f*  •  0  a)jalu,  Nuwi  with 
rsforsnos  to  equ«tion  (40}|  it  is  sssn  that  bsoomot  indstsrminato 

f  •  fi  and  f  «  0  as  shown  on  tho  upper  plot  of  figure  St  As  the 
damp:l£w  dsrivative  must  be  a  psriodio  funotion  of  f  with  a  period 

ot  2  7/  rudiivna,  the  eolutions  wars  oorreoteil  in  the  indeterminate  regions 
and  faired  ac  shown  on  ths  lower  plot  of  fii'uro  5, 

h’exti  data  v/sa  salsoted  in  v/hinh  the  model  was  released  from  initial  kiting 
angles  at  aero  yaw  (Rsferenos  Z,  appendix  Volume  11  pages  25  and  26, 
app-ndix  volume  ^ni  pages  L‘)  and  90,  and  appendix  Volume  IV  pagee  1  and  3)* 
I'hua  and  equation  33  reduces  tot 
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Then,  the  ODbA  oleotrio  analogue  computer  wai  set  up  to  solve  thie  equation 
for  (which  was  observed  on  the  (X-V)  plotter)  for  arbitrary  constant 
values  of  Cii^  $7  and  compared  with  the  data  for  eneh  of  those  teste. 

As  a  result  it  was  oonoluded  that  *  4,  Ths  auouraoy  with 

which  this  nunerlonl  value  nutisfled  the  data  is  shown  on  figure  6, 

^fext  using  ths  dsrivsd  values  of  CVf  Ztt*}  f('t)  and  Cas^ 

the  OiUA  electric  analogue  computer  was  set  up  to  solve  equatione  (K)  and 
(33)«  for  both  ^  and  S  for  an  additcrtil  seventy  Iwo  data  plots  with  all 
cm, binations  of  ysw  snglss  Inoludlng  ^  •  30,  60,  90,  120,  130,  and  173 
dsgrsss)  initial  pitch  anrlsi  of  ■  0,  10,  13,  and  20  degress  and  at 
nodal  towing  spssda  of  v  ■  .3,  1,0,  and  1,6  ft/^oo.  With  fifj 
and  Cw  ^)  sst  equal  to  sero,  trial  and  error  adjustments  of 

and  'vere  made  until  agreement  wai  aohleved  between  the 

ocrputer  solutlotiS  and  the  data  for  each  of  the  72  model  teit  rune  analysed. 
As  a  recuit,  it  was  ounoluded  that  Oif/  ^(fj  -  0,  thatCiA  •  0, 

and  trtt  Cnf  r(^)  was  approximately  linear  with  the  flops  dependent 
on  ae  shown  by  the  family  of  ourves  for  r  plotted  on 

tig\ie*  7,  The  aoourtay  with  whieh  these  ooeffioiente  predicted  the  measured 
motloni  of  the  model  are  shown  on  figure  6,  In  general,  the  agreement  is 
good,  but  the  particular  rucswhioh  are  not  satisfied,  do  indicate  that 
error  is  present-elther  in  the  numerical  values  assigned  to  ths  damping 
oosfflolsnts  or  in  the  test  data  itself. 
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An  Approxlitint*  oorraotlon  (K)  for  Liis  disslmilurity  inposad  by  tha  boom 
•xtandlr>G  forward  from  tha  uow  was  applisd  to  thasa  rotary  clamping 
ooal'l'loienti;  by  OL't^parlng  tha  Intagratad  momanto  dua  to  tonal  foroaa  (K) 
ovar  tl>a  length  of  tha  modal  for  pura  rotation  about  tha  bow  and  for 
rotation  about  tha  boon  mooring  point.  For  an  angular  valooity  ( u>  ), 
tha  ratio  of  monants  dua  to  tonal  foroaa  for  rotation  about  tha  bow  aa 
oonparad  to  rotation  about  tna  boom  mooring  point  isi 


NoW|  by  asiutning  a  uonatant  saotional  foraa  ooaffioiant  (Cc.)  thii  txpraiilon 
raduots  to  I 


Tha  planform  of  tha  nodal  with  t  ha  fins  rotatad  45°  ia  shown  on  figura  9 
and  both  (X3  yj  and  [(X  ♦  a'^  3yJ  ara  plottad  va  K  on  figura  9  alao« 
By  graphical  intagration  of  thesa  plots  it  was  datarnlnad  that  R  ■  ,$9. 
Thans  oorraotion  waa  appliad  to  tha  rotary  damping  ooaffioianti  at 
praviously  darlvad  and  plottad  on  figura  10.  It  ia  baliavad  that  thaaa 
ooaffioiants  ara  dlraotly  applloabla  to  both  tha  £P0»2  and  tha  ZPO-3 
airahipa. 
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D«  Anti-Kltlnii  Study 


Substituting  thi  •rsedynMnie  nnd  hsnodynnaio  dunping  ooifrioitnta  plotted 
on  flgurai  1  and  10  along  with  tho  approprint*  tiiMi  and  gtomatrlo  oharaot- 
•ristios  into  atiuationa  4  and  $,  o>iuaUuuS  suffioiantl^  agouratt  to 
dasoribs  tha  angular  raaponaa  of  a  tnait  moerad  airship  to  shifting  winds 
ara  rstablishadt 

Tha  irotlona  of  a  mast  rnoorad  airship  ara  dapandant  not  only  on  its  mass 
and  serodynamio  propertiaa  but  on  tha  natura  of  tha  shifting  winds  as  wall. 

If  tha  winds  ahift  slowly,  tha  airship  wsatharvanaa  without  appraoiabla 
lag  and  kiting  tandanotas  ramaln  imall.  Similarly,  tha  yaw  anglts  produoad 
by  high  fraquanoy  shifting  of  tha  winds  to  both  port  and  starboard  will 
not  dsusa  kltlngxfirst  baaauaa  tims  la  raquirsd  to  build  up  tha  sarodynamio 
foroas  and  sacond  baoausa  tha  inartla  of  tha  airship  must  ba  ovaroona  bafors 
kiting  autuslly  takao  plaoa.  It  is  only  whan  tha  winda  shift  much  fastsr 
than  tha  alrahip  is  abla  to  follow  tod  tvm  Stoy  in  this  nsw  dlrsotion  that 
kiting  oocurs,  Thsra  is,  at  tha  presant  tima  t  tsrioua  lack  of  knowladga 
oonoarning  both  tha  mrgnituda  and  charautsr  of  wind  shifta  whioh  must  bs 
antiolpatad  whllt  tha  airship  la  noorsd  in  wlridi  of  varying  intanaitlsa. 

To  parmit  t  study  of  tha  motlona  of  a  kiting  airahlp  fersalaotsd  kiting 
ooiidltton  from  which  tha  rslativa  narlts  of  various  antl>kltsr  daiigni 
nay  ba  aomnarad,  sonewhat  similar  to  tha  oonoapt  of  tha  *offaotiva  aharp> 
adgad  gust*  usad  to  daflns  in«flight  gust  load  oritaria,  tha  oonoapt  of 
an  *aquivalant  auddsn  wind  shift*  is  introduoad,  Tha  aquivalsnt  auddan 
wind  shift  la  a  thaoratloal  wind  shift  which  is  assumad  to  atrika  tha 
airship  Instantanaously  ovar  its  whola  Isngth  at  tha  original  wind  spead, 

Actually,  it  is  Impoasibla  for  tha  wind  to  shift  suddanly*,  Abaoluta 
auddan  ohaiv',as  in  wind  valoolty  or  diraotion  simply  do  not  ooour  in  tho 
frto  atmoaphtro,  Thara  is  always  a  finits  intarval  of  tima  rtquirad  for 
tha  ahiftsd  wind  to  awsap  gradually  ovar  tha  airahlp.  In  ragard  to  tha 
magnltuda  of  shifting  winds,  it  la  obvious  that  a  prsvaillng  wind  of  high 
valoeity  oannot  itrika  tha  airship  broadsids  or  from  tha  starn.  On  tha 
othar  hand  whan  tha  wind  la  naar  ealm  a  brsasa  may  apring  quits  auddanly 
from  any  diraotion,  Consaquantly,  it  appears  raaaonabla  that  aema  atatiitioal 
ralationship  axiats  batwaan  tha  aquivalsnt  auddan  wind  shift,  tha  avaraga 
wind  ipasd,  and  tha  natura  of  tha  actual  wind  ahifla whioh  do  ooour,  Itoaliitio 
kaowlodga  oonoarning  thia  ralationahlp  is  of  first  in^ortanea  in  datarnlning 
tha  opaolfio  raquiranonts  for  an  affaotiva  antl-kitlng  davloa. 

One  of  tho  important  variablai  affaoting  tha  motion  of  a  nmat  moorsd  airahlp 
is  tha  gradient  of  wind  valoolty  with  olavation  ( A  )  abovo  the  ground.  This 
valoolty  gradient  dapanda  largely  on  tha  local  terrain  and  the  prevailing 
weather  oeadltlona,  Tho  oaloulatsd  foroa  and  moment  ooaffioionts  reported 
in  raforenoe  1  and  tha  motions  of  a  kitii^g  aireiidp  nodal  reportid  torafarenoa 
2  wars  bated  one  relative  velooity  measured  2»!/3  ft  below  the  ground  board 
with  a  veleoity  gradient  approximately  proportional  to  tha  1/7  pov.’ar  of  tha 
distanoe  below  the  ground  board,  Thli  ii  aquivalent  to  a  wind  speed  nsasured 
at  a  full  aoale  elevation  of  200  ft  with  a  wind  valoolty  propsrtional  to 
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th«  1/7  power  of  tKa  elevation.  In  the  fiv.d  it  ia  not  preotionl  to  neeaur# 
the  wind  speed  at  200  ft  el«vationi|  therel'ore,  the  wind  apeeda  upon  which 
the  anti-kitinr.  study  wi»a  based  were  corrected  for  a  wind  speed  moarured 
at  a  medim  height  of  aerology  neaouring  atatione  (approximutely  75  ft) 

for  an  aeaunwd  1/7  power  veleoity  gradient.  That  iei 

^^75  •  ("fe)  "^^^200  "  'W?  VjQQ  (*3) 


To  etudy  th«  influenoe  of  antl«kiter  design  ei  totted  on  the  ZPM«4  airship 
end  deeoribed  in  referenoe  3,  lolutlons  of  theie  equatlonti  modified  to 
acoount  for  the  oharaoterietioa  of  this  antl>kltinG  devio#  were  made  for  the 
ZPa-311  airship  on  the  OEDA  eleotrie  enalocue  oomputer  for  oomblnatloni  of 
wind  epeede  from  0  to  70  knots,  step  function  input  wind  ihifti  from  0  to 
160  degrees,  end  for  applied  anti>kiting  moments  e«  may  be  imposed  by  the 
enti'kiter  or  static  heavineee  from  0  to  the  anti-kiting  moment  neoeeiery 
to  [’'’•vent  kiting  oompletely.  k  schemetio  of  the  OBEA  oomputer  wiring 
set  up  is  Bhc<wn  on  figure  11,  Exanplei  of  the  lolutions  obtrined  are  shown 
on  figure  12.  From  these  anlutions  the  meximum  kiting  angles,  and  the 
angular  velooities  at  ground  oontaot  were  noted,  Then  the  vartioal  and 
Transverse  components  of  contact  velocity  were  oaleulatsd  by  the  exprssilonii 
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than  plotted  vs  the  applied  anti-kiting  moment  for  wind  epeede  of  0,  20,  40, 
ftO,  and  (30  knots  and  for  equivalent  sudden  wind  shifts  of  0,  30,  60,  90,  120, 
150,  end  160  degrees  as  shown  on  figures  I3  thru  I6,  The  inflvienes  of  any 
combination  of  antl-kiter  weight  and  statio  heevinesi  nay  be  determined  by 
referring  to  the  soelea  provided  by  summing  the  entl-klting  momenti 
imposed  by  saoh.  For  the  ZPO-JE  airship,  the  anti-kiting  moment  of  the 
anti-kiter  it  344  timea  the  anti-kiter  weight  (AJCM  ••  OP  ■  344P),  and  s  tatio 
heaviness  imposes  on  anti-kltlng  moment  1S5,6  times  the  statio  heaviness 
(4KM  ■  C  W|H  -  185.6  Wgn), 

When  the  eirsliip  kites,  this  enti-kiter  li  designed  euoh  that  it  is  lifted 
to  a  height  which  for  all  praotioal  purpeeei  is  directly  proportional  to 
the  kiting  angle.  With  referenoe  figures  I3  thru  16,  it  is  lean  that 
although  this  anti-kiter  does  reduee  kiting  appraeiably,  the  anti-kiter 
wei'jht  nsueisary  to  reduce  oontaot  velooities  to  eooep'oable  values  appears 
lirpraetieal  and  yet,  unless  extremely  heavy  enti-kiters  are  employed,  when 
the  airship  dees  kite  the  enti-kiter  seems  only  to  acaelerate  the  airship 
to  higher  oontaot  velooities  than  those  experlenotd  by  an  airship  moored 
in  statio  equilibrium  and  no  anti-kiter  attached,  uonaequently,  the 
likelihood  of  darrmge  due  to  kiting  ia  inereaeed. 
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Thin  auQGOits  that  «n  lmprov«n«nt  mlf.ht  bt  renllaed  by  a  rsdssicn  of  th* 
•nti-kltar  atUchmoiit  ayotoni  auoh  that;  whan  tha  attufhrnant  I  Inaa  support 
ths  entlra  w«l);ht  of  tha  anti-lcltar,  Instsad  of  lifting  It  up,  oabla  is 
rsHlsd  uut  aufl’loiant  to  hold  it  Just  in  contact  viith  tha  i^round  until  tha 
maxlflium  kiting  angla  is  raaohad.  Than  tha  unit  rasto  on  tha  ('round  and 
oabla  is  raalad  in  at  raduoad  tans ion. 

To  study  tha  Influanoa  of  this  radon  Ign  of  tha  antl>kltar  attaohmant  syitam, 
tha  OClUk  alaotrlo  analogua  ootnputor  was  rawirod  to  Inoluda  a  oii'ouit  which 
automatloally  iwltohod  tho  anti>kltsr  weight  offaot  to  sarowhon  tho  angular 
kiting  valeolty  baoama  nogativa  and  raiterad  It  whan  tha  kiting  -valooity 
baoama  pooltiva.  Than  aolutlom  ware  mada  for  tha  EPO-^ff  alrahip  for  tha 
same  oombinatloni  of  wind  spood,  atop  function  input  wind  ihifts,  and  anti- 
kiting  notnontg.  Bxamplaa  of  tha  solutiona  obtainod  arc  shown  on  figuroi  !?« 

Tha  maximum  kiting  angloa  and  tho  vartioal  and  tranavoria  oompenonto  of 
contact  voloolty  ara  plotted  on  figures  ^0  thru  With  rafaranoe  to  these 
fii;uraa,  it  ie  lean  that  by  a  radoah’n  of  tho  anti-kiter  attaohmant  ayitan^ao 
Just  doaorlbad^oontaut  vtlooitlao  are  raduoad  appreoitbly  at  all  wind  ipaedi 
up  to  and  Inoluding  the  dtelgn  limit  wind  apeod  for  naat  mooring  with  praotioal 
anti-kltor  wolghti,  Thu^  the  likelihood  of  kiting  damage  ia  deoroated 
appreciably. 


These  results  were  applied  to  the  ZPa-2  typo  ai< 


uomparing  the 


aquations  of  motion  for  tho  ZKi-H  type  alrahip  with  tha  aquations  of  notion 
for  ths  ZPO-JP, 

By  aubetltutiru  ■■  maei  and  gaometrio  oharacter iatioi  of  the  ZPO-2  type 
alrahip  into  e-uiaiona  6  and  7  w«  havoi 


and 


0  w 


and  for  the  ZP0-|f  type  airship  we  havoi 


and 


(46) 


for  similni'  kivlni'  und  v(««th«rv*nlii;;  notlomi  for  both  the  ZP0»2  and  ZPQ-Jff 
airuliips,  th"  uoaCriolent:;  of  those  dlffsrontialj  nuat  bo  oqual,  Comparlns 
oquiitlori  (d6)  with  (40)  and  (4?'  with  (49)i  #nd  aaBur.iti;'  the  masfi  and  aoro- 
dynamlo  ooef'flolenta  are  the  aume  for  both  airship  types  we  havei 


The  v'irtloal  and  transverse  contact  velooltiea  nay  bo  axprasaed  as 
Ui ^  ■  In  ?  impaut  W-vr*  b  d  Impact,  Thareforei 


Theraforei  the  results  of  the  feroe»inr,  analyaia  of  the  nait  noored  ZPO-yi 
airship  as  plotted  on  ficuroa  I3  tlu'u  25  were  applied  to  the  ZP0^2  type 
airship  byi 


pripankd  , 
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«w-  ,  10 


1,  inor«»alni'  th«  wind  spaid  by  a  fuotor  of  1,3.5 
5,  daoraaaln";  tlie  unbl-klt-.l n/'  nonant  aoala  by  a  feotor  of  ,583 

3,  dtortailng  tht  antl«klt«r  walghi)  Bsal*  by  a  factor  ,692 

4,  daoraailng  the  atatlo  hatvlnaei  eoale  by  a  factor  of  ,726 

5,  dcorcaalns  the  aontaot  valoolties  by  a  factor  of  ,802 

The  reeulto  of  thaee  traneformatlons  are  ehown  on  flgurea  26  thru  37* 


Conc’iualona  >ncl  Recommendniilona 


Bftiad  on  wator  rnodal  taat  tlnta,  th*  aarodynatnlo  and  aaroaynawio  Uamping 
ohRriutaj*latlo?  of  a  kitini;  airship  w*r#  dstarci InaH ,  Thar,  by  allb«■h^■hu■h^nE 
thaca  ooaffieiantB  alonR  with  th#  appropriata  maaa  and  (saomatrlo  oharaot- 
arlatioa  Into  th#  ganorallaod  oquutloua  of  motion,  •quationi  auffioiantly 
aoourata  to  danorlb#  th#  angular  raaponaa  of  a  maat  moortd  airship  for 
••laotad  kiting,  oonditlona  wara  oatahliahadt 

Than,  at  a  raault  of  a  study  of  tha  motlona  of  a  masted  airship  aubjootad 
to  sudden  wind  shifts  and  oonflgurad  with  an  anti»klting  weight  fixed  to 
the  airship  atarn  or  ballait#d  at  th#  oar,  it  is  oonoludad  that  although 
an  antl>kltlne  devio#  whioh  la  lifted  to  a  height  proportional  to  the 
kiting  angle  does  reduce  kiting  apprauiably,  one#  a  kiting  peak  is  reached, 
tha  antl-klter  weight  or  oar  ballast  asrvas  only  to  aooalarate  tha  airship 
to  higher  oontuut  valooitlaa  with  the  ground  ai  ehown  on  flguras  13  thru  18 
and  26  thru  Thus,  the  likelihood  of  damage  due  to  kiting  is  inorcaeed, 

As  the  antl'klter  weight  neotsaary  to  raduot  oontaot  volooitlei  to  acoaptivbla 
values  are  large  arid  inpragtinal  this  Jaeign  oannot  ba  raoomr.andod, 

Kurthermora,  it  is  reoomnendtd  that  tha  airaulp  ba  moored  in  statle  equili¬ 
brium,  It  Is  reooiwended  alio  as  a  neani  of  further  reducing  the  poiiibilltles 
of  kiting  damage  that  the  elevutori  be  controlled  whether  an  anti-kiting 
waight  la  uisd  or  not, 

llowavor,  aa  a  raault  of  furthar  study,  the  remits  of  which  are  plotted 
on  flgurei  20  thru  'ilj  and  32  thru  37»  it  la  oonoludad  that  a  ocnaldorable 
inprovement  nay  ba  realiatd  by  a  radaalgn  of  tha  anti-kltar  attachment  ayatam 
auoh  that  whan  tha  attaohmant  cablsa  nearly  support  tha  entire  vreight  of 
Uia  antl~kltiiig  unit,  instead  of  lifting  it,  oablt  ia  retied  out  auffloient 
to  hold  tha  unit  Juat  in  oontaot  with  the  ground  until  a  maximum  kiting  anal# 
la  rsaohed.  Than  the  unit  rests  on  tha  ground  and  oablt  ia  roelad  in  at 
radunad  tension.  An  anti-kiting  davioa  liioorporatlng  this  attaohmant  ayatem 
dasign  la  reoonmendad  aa  a  praotloal  and  an  affaotiva  meana  of  reducing  the 
likelihood  of  damage  due  to  kHlng, 
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